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Running head: Mid- to Late- Life BMI and Dementia 


Abstract 


Growing evidence relates Body Mass index (BMI) to poorer health outcomes; however, 


results across studies associating BMI and dementia are conflicting. A total of 3632 


Framingham Offspring participants aged 20 to 60 years at their second health exam 


(1979-1982) were included in this study with 190 cases of incident dementia identified by 


2017. Cox proportional hazards regression models were performed toinvestigate the 


association of BMI at each of their 8 exams as a baselife for dementia risk, and the 


associations between obesity and dementia across age groups. Spline models were fitted to 


investigate non-linear associations between BMI and dementia. Each | kg/m? increase in BMI 


at 40-49 years was associated with higherTrisk of dementia, but lower risk after 70 years. 


Obesity at 40-49 years was associated with higher risk of dementia. Overall, the relationship 


between BMI and dementiatisk was heterogeneous across the adult age range. Monitoring 


BML at differenfage’may mediate risk for dementia across an individual’s lifetime. 


Keyvords: Body Mass Index; dementia; obesity 


Abbreviations: 


BMI = body mass index, 


FHS= Framingham Heart Study 


CI = confidence interval, 


HR= hazard ratios 
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Introduction 


With the rapid increase in the aging population, there has been an escalation in the number of 


people living with dementia worldwide. The number of people living with dementia 


worldwide is currently estimated at 50 million and will almost triple by 2050.(1) Currently, 


there are no effective disease-modifying therapies; thus, there has been an increasing callfor)a 


focus on dementia prevention as the best strategy for attenuating disease incidencé.(2),Body 


mass index (BMI), as a modifiable risk factor, has been related to various, poorer health 


outcomes (3), but its specific relationship to dementia risk remains awnatter,of debate. 


Observational studies have reported positive, null, and inverse,asso@iations between BMI and 


dementia risk (4): Evidence from longitudinal prospeetive studies and meta-analyses suggests 


that high BMI or obesity in midlife is associated wathan increased risk of dementia (5—12). 


However, the hypothesis of the causal link,betyween obesity and dementia has been challenged 


by some recent findings (13). Astudy of 2 million adults showed lower rates of dementia in 


those who are obese (BMI >40Q) and progressively decreasing risk with increasing obesity (14). 


This new study challengés’ the presumed direction of the association found from previous 


meta-analyses\dttesto the large number of participants (13). Results on the association between 


late Jife BMI and dementia is more mixed(15,16). Some studies report being underweight or 


normal BMI in late life with an increased risk of dementia (17—20), while others indicate an 


opposite relationship (21,22). 


Factors influencing the heterogeneity of study results may include age at assessment of BMI, 


and years of follow-up for incident diagnosis. In this study, we used data from the 


Framingham Offspring cohort that includes serial assessments of BMI and prospective 
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follow-up for incident dementia that spans 38 years to evaluate dementia risk associated with 


BMI from mid- to late life. 


Methods 


Participants 


Initiated in 1948, the Framingham Heart Study (FHS) is an ongoing, multigénerational 


longitudinal cohort study. Beginning in 1971, a total of 5214 children of the Qriginal Cohort 


and their spouses were enrolled into the Offspring Cohort, and they.have\completed up to 9 


cycles of health examinations, averaging about every 4 years423) 


At the second Offspring examination (1979-1982), allcparticipants were screened for possible 


cognitive impairment, and their cognitive status wa8Smonitored regularly at subsequent health 


examinations and through ancillary studies of cognitive aging and dementia. Therefore, we 


chose the second Offspring examination as the baseline (n=3867), and included dementia 


status follow-up through<2017 for analysis. People with a record of dementia before the 


second examination (n=1)>6r with clinical data only at baseline (n=49) were excluded from 


the sample, We restricted the inclusionary age range because participants age<20 years (n=10) 


werecinNlow numbers and after 38 years, remain below age of typical dementia onset. 


Excluding participants age >60 years (n=175) better ensured a dementia-free sample at 


baseline. The final study sample (n=3632) was comprised of Offspring participants aged 


20-60 years at baseline. 


All study participants provided written informed consent. The study protocols and consent 


forms were approved by the Boston University Medical Campus and Boston Medical Center 
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Institutional Review Board. 


Surveillance for dementia 


As part of the second health exam that began in 1979, the FHS Offspring cohort participants 


were administered subjective memory questions to establish a dementia-free cohort and their 


cognitive status was monitored using objective assessment beginning in 1991, when the Mini 


Mental State Examination (MMSE) was added to the health exam protocol. Since1999, they 


have been administered a comprehensive protocol of standard neuropsychologi¢al test on 


average every 5 or 6 years. Several methods for identifying those.with\possible cognitive 


impairment or decline has been previously described, andeincludey but are not limited to 


performance on these assessments. A consensus adjudication panel comprising of at least one 


neuropsychologist and one neurologist make’ the\determination if diagnostic criteria for 


dementia is met.(23—25) 


The information used to access and Verify a participant’s cognitive status includes FHS clinic 


exams, neuropsychological assessments and neurologic exams, medical records, and/or family 


interviews.(26) The details-Of this consensus diagnostic process has been previously described 


and has been applied the entirety of FHS cohorts ensuring that all diagnoses have been made 


using the:same diagnostic standards.(27,28) 


BMI and Covariates 


At each of the eight health examinations, FHS participants underwent in-person interviews, 


thorough physical examinations, and laboratory investigations. Demographic information, 


lifestyle factors, and medical histories were also recorded through self-reporting. Weight and 
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height measurements were obtained during the physical examination, and BMI was calculated 


using weight (in kg) over height squared (in meters). For this study, the continuous measure 


of BMI was stratified into three categories using cutoffs of <25, 25-30, and >30. Age (in years) 


was recorded at each exam, while education (years of school) and sex (male/female) were 


obtained at the second Offspring examination. 


Statistical analysis We performed all statistical analyses using Stata softwaré\(version 15.0). 


Demographic variables at baseline are presented as means with staadard\deviations (SD) or 


counts with proportions (N, %), using t-test and Chi-square«test ‘forrespective comparisons. 


To fully utilize the longitudinal BMI data collected from exam 2 through exam 9, we 


performed Cox proportional hazards regression uSing’ different baseline examinations over 


time. BMI measurements at each examinationywere related to incident dementia adjusting for 


age, sex, and education. 


To further determine howcBMI from ages that span midlife to later life may impact dementia 


risk, we varied what was*Considered baseline BMI so that the participant’s “baseline” was 


always aligned Within that specific age group (see Web Figures | for illustration of BMI-age 


group, Matching methods). Visual inspection of plots for younger ages (20-29, 30-39 years) 


indicated that the proportional hazards assumption was violated, so we only used hazard 


ratios (HR) and 95% confidence interval (CI) for analyses for 40 years and older. Across the 


8 health exams, we extracted a participant’s BMI measure at each of these age groups: 40-49, 


50-59, 60-69, and 70+ years. Univariate and multi-variate Cox regression was performed 


separately for each of the age groups with date of the health exam as date of entry. If more 
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than one BMI values was identified for a participant, we used the first BMI record within 
each age-stratum. In the analysis for dementia, those who died free of dementia were 
censored at death so that participants were followed until the record of dementia, death, or last 
evaluation. (13) We first performed a univariate Cox regression analysis (Model 1); followed 
by a model adjusted for sex and education (Model 2); We then considered mortalityAas Ja 
competing risk and developed a model for the sub-hazard function of a failure event’ of 
primary interest (dementia) adjusting for sex and education (Model 3). Our rationale for this 
approach was based on the partial likelihood sub-distribution hazards.model proposed by Fine 
and Gray that considered death as a competing risk not fully accounted for by censoring. (30) 
The risk set in the sub-distribution hazards model ineluded\who were at risk of the event of 
interest (e.g., dementia) at a given time and anyone who had a competing risk (e.g., death) 
before that given time. (29) 

A cubic spline basis for BMI was used\to investigate possible non-linearity in BMI-dementia 
associations. Separate models were fitted for each age group, with BMI of 22 as the reference. 
Three BMI values, 18.5, 25, and 30, were placed as knots in the spline analysis, adjusted for 
sex and educatiom 

Results 

The study cohort included 3632 participants (51.8% women), with mean age of 43.5 (+9.4) 
years and an average BMI of 25.5 (+4.4) at the second health exam. During 38 years of 
follow-up, the average BMI increased to 28.4 (45.3), and 196 participants developed 
dementia. The mean age of dementia diagnosis was 77.5--7.8 years. Not surprisingly, age 


was strongly associated with risk of dementia (P<0.0001). Individuals who developed 
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dementia had on average one year less of self-reported education compared to those without 


dementia (p=0.0002). While in absolute numbers, a larger proportion of women developed 


dementia during the follow-up compared to men, but sex was not significantly associated with 


dementia risk in the univariate analysis. (Table 1) 


We found no association between BMI at Exam 2 and subsequent dementia. At Exam 9, 


higher BMI was found to be associated to lower dementia risk. Generally, there waS-a trend in 


the hazard ratio for dementia risk by BMI to decrease across the health exam. (Table 2 and 


Figure 1). 


For the age-specific analyses, obesity at mid-life (40-49 years) \was’ associated with higher 


risk of dementia after adjusting sex and education((HR\3.15, 95% CI 1.35-7.33). After 


accounting for competing mortality risk, obesity-at‘age/40-49 years still showed a higher risk 


of dementia (sub-hazard ratios (SHR) 290, 95% CI 1.27-6.60). In contrast, in later life (age 


70+), it seems an inverse relationship, between obesity and incident dementia, but not at 


conventional levels of statistical significance (P=0.061). (Table 3) 


Figure2 showed the estimated shape of each BMJ-dementia association, allowing for 


non-linearity. Attage of 40-49 years, higher BMI was associated with increased dementia risk 


if BMI was above 30. After age of 50 years, low BMI (<22) was associated with increased 


tisk of dementia while higher BMI appeared to lower the risk of dementia if BMI >22. 


However, the non-linear associations were not significant. Being overweight was significantly 


associated with lower risk of dementia in age group of 70+ years. (See Web Table 1) 
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Discussion 


Leveraging 38 years of data from the Framingham Offspring study, this study assessed 


repeated BMI measures to evaluate the risk of dementia associated with BMI across both time 


epochs (e.g., 8 health exams) and age ranges (mid- to later life). Overall, we determined that 


the relationship of BMI to dementia is not static and in fact may modulate over the adult 


life-course. BMI measured distally to dementia onset showed a positive relationship, but that 


relationship flipped to a seemingly negative relationship when BMI is ‘measured more 


proximal to the time of dementia onset. Obesity at midlife (40-49 years) was associated with 


higher risk of dementia, even after adjusting for sex and education-(p=0.008). There was a 


non-significant trend toward obesity at older age (70+),assoeiated with lower risk of dementia 


after accounting for competing mortality risk (p=0:061). The analyses for the 70+ may suffer 


from power considerations with additional ‘years of follow-up warranted to confirm these 


findings. 


The exact mechanisms explaining the risk of dementia associated with obesity are poorly 


understood(13),"@besity in midlife has been previously associated with greater brain 


atrophy(30), and poorer cognitive outcomes potentially reflecting neurodegenerative 


processes via vascular and dysmetabolic pathways and/or through cell-signaling proteins 


secreted by the adipose tissue (e.g., leptin and adiponectin)(9,31,32) The possible reverse 


association between obesity and risk of dementia at older ages may, in part, be because of 


preclinical changes in weight in the years preceding clinical onset of dementia. (33) Weight 


loss, posited as a manifestations of dementia (such as functional inability to maintain eating 
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habits), occurs with comorbidities at older ages and may predate dementia onset by 8-10 


years.(13,27) 


Consistent with our findings are several reviews and meta-analyses that also show obesity in 


midlife is associated with an increased risk of dementia.(34,35) Similarly, a number of studies 


report that people who are underweight in late life have an increased risk of dementia.(48-20) 


In our study, we looked at the non-linearity patterns and revealed a more nuanced picture. 


From ages 50-69 years, higher BMI appeared to not be associated wath dementia risk. Again, 


this is consistent with findings reported by previous studiesgdn the-Honolulu Asian Ageing 


Study (HAAS) higher weight in late midlife (age 46€68 years) was not associated with an 


increased risk of dementia. (36) In the Atheroscleresis’ Risk in Communities (ARIC) Study, 


where the participants had a mean age of=59 Years at the age of assessment of BMI, there was 


no association between higher BMk and cognitive change.(37) Our possible finding that 


higher BMI measured later in life and lower risk of dementia, which is also associated with a 


shorter period of follow-up; is similar to the findings mentioned above from the recent study 


of two million adults.(14) Heterogeneity in the associations between BMI and dementia risk 


may-help.explain the mixed findings across studies. Narrower age ranges and short follow-up 


help reduce variability and may help account for the more consistent findings of higher BMI 


association with lower dementia risk in the older age ranges. 


Unlike most studies that only evaluated BMI at a few time points, we were able to establish 


the associations between BMI and dementia risk at both different time periods of follow-up 
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and at specific age ranges. The strength of our study is the use of longitudinal BMI data 


spanning over 38 years, in the same persons, allowing us to assess the dementia risks 


associated with BMI over the adult life course. However, because associations we reported at 


midlife and late life involved the same individuals, these findings may also have been affected 


by changes in BMI with age. There are other limitations in this study. Firstly, BMI may beé,not 


an optimal measurement of obesity in late-life. We did not evaluate waist circumference-’an 


anthropometric measurement of obesity used in other research (38), due to missing data 


across multiple exams. Secondly, confounders such as physical aetivity‘and dietary factors 


were not included in model. A previous FHS study usimg. cross-sectional measures of 


self-reported physical activity as a categorical variable (e\g., slight, moderate, and heavy 


activity) found non-significant associations between physical activity and risk of dementia 


(16). Continuous measures of physical aetivity were not collected until later exams. Similarly 


dietary questionnaires were also Mot administered until later exams. Third, education data was 


obtained only from Exam2 and changes in education, which could affect socioeconomic risk 


factors, was not accounted*for longitudinally. However, because the number of participants in 


each exam, wasot-Same, we still used education at baseline in this study as the best proxy 


measure ‘available. Genetic factors that could also potentially account for heterogeneity of the 


BMI Aementia risk was also a limitation. Lastly, since FHS Offspring participants are 


predominantly Caucasian, these results may not be generalizable to other ethnicities. 


In conclusion, our study explored and distinguished the associations between BMI and 


dementia risk at different time frames of follow-up and at age ranges from mid- to late-life. 


12 


Lzoz Ae O€ UO JESN pues] Psempy sould Jo AjisueniuN Aq 97 LSLz9/960GeMy/ele/E60 | OL /lOp/elolue-soueApe/ale/woo dno‘olwepece//:sdiyy Wo) pepeojumoqg 


Our findings highlight the importance of a life-course perspective when assessing the 
association between BMI and dementia and indicate that BMI history should be considered in 


future studies. 


Acknowledgements 

Fundings 

The study was supported by National Natural Science Foundation of China(71661167004), the 
Framingham Heart Study’s National Heart, Lung, and Blood Institute contract €NO1-HC-25195), the 
National Institute on Aging (AG016495, AG008122, AG033040; AG062hO9, AG049810, AG054156, 
AG068753), National Institute of Neurological Disorders ‘and Stroke (RO1I-NSO17950) and 
VMF-14-318524 from the Alzheimer’s Association, 

Conflict of Interest 

Dr. Au serves as a scientific consultant fe Signant Health and Biogen that in unrelated to this research 
work. The remaining authors have no conflict of interest to report. 

Ethical approval 

All study participants provided written informed consent. The study protocols and consent 
forms were approved by the Boston University Medical Campus and Boston Medical Center 


Institutional Review Board. 


13 


Lzoz Ae O€ UO JESN pues] Psempy sould Jo AjisueniuN Aq 97 LSLz9/960GeMy/ele/E60 | OL /lOp/elolue-soueApe/ale/woo dno‘olwepece//:sdiyy Wo) pepeojumoqg 


References 


1. 


10; 


11. 


12. 


WHO. 10 facts on dementia [Internet]. 2019. Available from: 
http://www.who.int/features/factfiles/dementia/en/ 


Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. Dementia 
prevention, intervention, and care: 2020 report of the Lancet Commission. The Lancet. 
2020 Aug 8;396(10248):413-46. 


Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration (BMI Mediated 
Effects), Lu Y, Hajifathalian K, Ezzati M, Woodward M, Rimm EB, et al. Metabolic mediators 
of the effects of body-mass index, overweight, and obesity on coronary heart/disease and 
stroke: a pooled analysis of 97 prospective cohorts with 1:8 million participants. Lancet. 
2014 Mar 15;383(9921):970-83. 


Albanese E, Launer UJ, Egger M, Prince MJ, Giannakopoulos P, Wolters.FJ, et al. Body mass 
index in midlife and dementia: Systematic review and meta-regressidn analysis of 589,649 
men and women followed in longitudinal studies. Alzheimers\Dement (Amst). 2017;8:165— 
78. 


Gorospe EC, Dave JK. The risk of dementia with in¢reaSed body mass index. Age Ageing. 
2007 Jan;36(1):23-9. 


Beydoun MA, Beydoun HA, Wang Y. Obesity and central obesity as risk factors for incident 
dementia and its subtypes: a systematic review and meta-analysis. Obes Rev. 2008 
May;9(3):204-18. 


Anstey KJ, Cherbuin N, Budge My Young J. Body mass index in midlife and late-life as a risk 
factor for dementia:\.a meta-analysis of prospective studies. Obes Rev. 2011 
May;12(5):e426-437. 


Barrett-Connor E.)An introduction to obesity and dementia. Current Alzheimer Research. 
2007;4(2)°97-101. 


Gustafson DR, Backman K, Waern M, Ostling S, Guo X, Zandi P, et al. Adiposity indicators 
and dementia over 32 years in Sweden. Neurology. 2009 Nov 10;73(19):1559-66. 


Rosengren A, Skoog |, Gustafson D, Wilhelmsen L. Body mass index, other cardiovascular 
risk factors, and hospitalization for dementia. Arch Intern Med. 2005 Feb 14;165(3):321-6. 


Whitmer RA, Gunderson EP, Barrett-Connor E, Quesenberry CP, Yaffe K. Obesity in middle 
age and future risk of dementia: a 27 year longitudinal population based study. BMJ. 2005 
Jun 11;330(7504):1360. 


Whitmer RA, Gustafson DR, Barrett-Connor E, Haan MN, Gunderson EP, Yaffe K. Central 
obesity and increased risk of dementia more than three decades later. Neurology. 2008 Sep 
30;71(14):1057-64. 

14 


Lzoz Ae O€ UO JESN pues] Psempy sould Jo AjisueniuN Aq 97 LSLz9/960GeMy/ele/E60 | OL /lOp/elolue-soueApe/ale/woo dno‘olwepece//:sdiyy Wo) pepeojumoqg 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Singh-Manoux A, Dugravot A, Shipley M, Brunner EJ, Elbaz A, Sabia S, et al. Obesity 
trajectories and risk of dementia: 28 years of follow-up in the Whitehall Il Study. Alzheimers 
Dement. 2018 Feb;14(2):178-86. 


Qizilbash N, Gregson J, Johnson ME, Pearce N, Douglas I, Wing K, et al. BMI and risk of 
dementia in two million people over two decades: a retrospective cohort study. Lancet 
Diabetes Endocrinol. 2015 Jun;3(6):431-6. 


Li J, Ogrodnik M, Devine S, Auerbach S, Wolf PA, Au R. Practical risk score for 5-, 10-, and 
20-year prediction of dementia in elderly persons: Framingham Heart Study. Alzheimers 
Dement. 2018 Jan;14(1):35-42. 


Li J, Ogrodnik M, Kolachalama VB, Lin H, Au R. Assessment of the Mid-Life Demographic and 
Lifestyle Risk Factors of Dementia Using Data from the Framingham Heart Study Offspring 
Cohort. J Alzheimers Dis. 2018;63(3):1119-27. 


Dahl AK, Minna L6ppénen MD PhD, Raimo Isoaho MD _ PhD, \Berg,S, Sirkka-Liisa Kivela 
MD PhD. Overweight and Obesity in Old Age Are Not Associated-with Greater Dementia 
Risk. Journal of the American Geriatrics Society. 2008;56(12):2261—2266. 


Kerwin DR, Gaussoin SA, Chlebowski RT, Kuller LH)Vitolins M, Coker LH, et al. Interaction 
between body mass index and central adiposity /and risk of incident cognitive impairment 
and dementia: results from the Women’s Health Initiative Memory Study. J Am Geriatr Soc. 
2011 Jan;59(1):107-12. 


Tolppanen A-M, Ngandu T, Kareholt |, Laatikainen T, Rusanen M, Soininen H, et al. Midlife 
and late-life body mass Andex \and late-life dementia: results from a prospective 
population-based cohort. J Alzheimers Dis. 2014;38(1):201-9. 


West NA, Haan MN. Body adiposity in late life and risk of dementia or cognitive impairment 
in a longitudinal community-based study. J Gerontol A Biol Sci Med Sci. 2009 Jan;64(1):103-— 
9. 


Gustafson, D; Rothenberg E, Blennow K, Steen B, Skoog |. An 18-year follow-up of 
overweight and risk of Alzheimer disease. Arch Intern Med. 2003 Jul 14;163(13):1524-8. 


Hayden KM, Zandi PP, Lyketsos CG, Khachaturian AS, Bastian LA, Charoonruk G, et al. 
Vascular risk factors for incident Alzheimer disease and vascular dementia: the Cache 
County study. Alzheimer Dis Assoc Disord. 2006 Jun;20(2):93-100. 


Satizabal CL, Beiser AS, Chouraki V, Chéne G, Dufouil C, Seshadri S. Incidence of Dementia 
over Three Decades in the Framingham Heart Study. N Engl J Med. 2016 Feb 
11;374(6):523-32. 


Farmer ME, White LR, Kittner SJ, Kaplan E, Moes E, McNamara P, et al. Neuropsychological 
test performance in Framingham: a descriptive study. Psychol Rep. 1987 Jun;60(3 Pt 
2):1023-40. 

15 


Lzoz Ae O€ UO JESN pues] Psempy sould Jo AjisueniuN Aq 97 LSLz9/960GeMy/ele/E60 | OL /lOp/elolue-soueApe/ale/woo dno‘olwepece//:sdiyy Wo) pepeojumoqg 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading 
the cognitive state of patients for the clinician. J Psychiatr Res. 1975 Nov;12(3):189—98. 


Au R, Seshadri S, Knox K, Beiser A, Himali JJ, Cabral HJ, et al. The Framingham Brain 
Donation Program: Neuropathology Along the Cognitive Continuum. Current Alzheimer 
Research. 2012;9(6):673-86. 


Knopman DS, Edland SD, Cha RH, Petersen RC, Rocca WA. Incident dementia in women is 
preceded by weight loss by at least a decade. Neurology. 2007 Aug 21;69(8):739-46. 


Seshadri S, Beiser A, Kelly-Hayes M, Kase CS, Au R, Kannel WB, et al. The lifetime risk ‘of 
stroke: estimates from the Framingham Study. Stroke. 2006 Feb;37(2):345—50. 


Fine JP, Gray RJ. A Proportional Hazards Model for the Subdistribution of 4. Competing Risk. 
Journal of the American Statistical Association. 1999 Jun 1;94(446):496—509. 


Debette S, Beiser A, Hoffmann U, Decarli C, O’Donnell CJ, MassafowM, €t al. Visceral fat is 
associated with lower brain volume in healthy middle-aged adults. Ann Neurol. 2010 
Aug;68(2):136—44. 


Gustafson D. Adiposity indices and dementia. Lancet Neurol. 2006 Aug;5(8):713-20. 


Kiliaan AJ, Arnoldussen IAC, Gustafson DR. Adipokines: a link between obesity and 
dementia? Lancet Neurol. 2014 Sep;13(9):923-23. 


Hughes TF, Borenstein AR, Schofiéld E, Wu Y, Larson EB. Association between late-life body 
mass index and dementia: The KamesProject. Neurology. 2009 May 19;72(20):1741-6. 


Smith E, Hay P, Campbell. rollor JN. A review of the association between obesity and 
cognitive function across‘the lifespan: implications for novel approaches to prevention and 
treatment. Obes Rev. 2011 Sep;12(9):740-55. 


Aslan AD. Ob@sity, Cognitive Ageing, and Dementia: The Usefulness of Longitudinal Studies 
to Understafidthe Obesity Paradox. In: Health and Cognition in Old Age [Internet]. Springer, 
Cham; 2024 [cited 2018 Jul 25]. p. 123-40. (International Perspectives on Aging). Available 
from: https://link.springer.com/chapter/10.1007/978-3-319-06650-9 9 


Stewart R, Masaki K, Xue Q-L, Peila R, Petrovitch H, White LR, et al. A 32-year prospective 
study of change in body weight and incident dementia: the Honolulu-Asia Aging Study. Arch 
Neurol. 2005 Jan;62(1):55—-60. 


Knopman DS, Mosley TH, Catellier DJ, Coker LH, Atherosclerosis Risk in Communities Study 
Brain MRI Study. Fourteen-year longitudinal study of vascular risk factors, APOE genotype, 
and cognition: the ARIC MRI Study. Alzheimers Dement. 2009 May;5(3):207-14. 


Tirosh A, Shai |, Afek A, Dubnov-Raz G, Ayalon N, Gordon B, et al. Adolescent BMI trajectory 
and risk of diabetes versus coronary disease. N Engl J Med. 2011 Apr 7;364(14):1315-25. 


16 


Lzoz Ae O€ UO JESN pues] Psempy sould Jo AjisueniuN Aq 97 LSLz9/960GeMy/ele/E60 | OL /lOp/elolue-soueApe/ale/woo dno‘olwepece//:sdiyy Wo) pepeojumoqg 


Table 1 Characteristics of Framingham Offspring participants (aged 20-60 years) at Exam2 


Total (3632) Dementia (196) No dementia (3436) 


Characteristic P value 
N % N % N % 

Age, years * 43.5 (9.4) 53.0 (6.0) 43.0 (9.2) <0.0001 

20-29 255 7.0 1 0.5 254 7.4 

30-39 1067 30.7 5 2.6 1062 30.9 

40-49 1195 32.9 40 20.4 1155 33.6 

50-60 1115 30.7 150 76.5 965 28.1 <0.0001 
Sex 

Male 1750 48.2 86 43.9 1664 48.4 

Female 1882 51.8 110 56.1 1772 51.6 0.245 
Education, years® 14.0 (2.6) 13.3 (2.9) 14.0 (2.6) 0.0002 
BMI” 

<25 1861 51.2 90 45.9 1771 51.5 

25-30 1279 35.2 74 37.8 1205 35%4 

>30 492 13.6 32 16.3 460 18.4 0.26 


Abbreviation: BMI, body mass index 
* Values are expressed as mean (standard deviation) 


° Weight (kg)/height (m)’. 
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Table 2 Mean age and BMI" at examination 2-9 in this study. 


BMI’, Age, years Cox Regression” 
Examinations Total number Number of Failures P 
mean (SD) Mean (SD) Range Number at Risk ; HR 95%Cl 
(Dementia) Value 

2nd 3632 25.5 (4.4) 43.5 (9.4) 20-60 3632 196 1.01 0.98-1.05 0.5 
3rd 3197 26.2 (4.6) 47.9 (9.3) 23-66 3196 181 1.00 0.97-1.04 0.871 
4th 3287 26.9 (4.9) 51.1 (9.3) 27-69 3286 179 1.01 0.97-1.04 0.67 
5th 3120 27.4 (4.9) 54.7 (9.2) 31-73 3118 175 0.99 0.96-1.03 0.662 
6th 2915 28.0 (5.1) 58.5 (9.1) 35-77 2910 151 0.98 0.94-1.01 0.217 
7th 2775 28.2 (5.2) 60.9 (8.9) 37-80 2770 131 0.98 0.94-1.01 0.222 
8th 2431 28.3 (5.3) 66.6 (8.6) 43-86 2417 54 0.96 0.90-1.01 0.172 
9th 1936 28.4 (5.3) 70.9 (8.1) 50-92 1921 5 0.67 0.51-0.89 0.006 

Abbreviation: BMI, body mass index 

* Weight (kg)/height (m)? 

» Cox model was performed to investigate the association of BMI (per kg/m) at each exafiyas a baseline for dementia risk, adjusting for age, sex and education. 
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Table 3 Association of BMI? at ages 40-49, 50-59, 60-69 and 70+ years with subsequent dementia among Framingham.Offgpring participants during 


38 years of follow-up. 


Age in Years and 
BMI Category 


BMI’ at 40-49 years 
<25 

25-30 

>30 

BMI? at 50-59 years 
<25 

25-30 

>30 

BMI’ at 60-69 years 
<25 

25-30 

>30 

BMI? at 70+ years 
<25 

25-30 

>30 


Total 
number 


595 
432 
168 


862 
885 
436 


609 
865 
548 


419 
670 
453 


Number of 
Dementia 
cases 


13 
17 
10 


79 
66 
29 


65 
82 
36 


46 
56 
31 


HR 


1.00 
1.84 
3.11 


1.00 
0.84 
0.86 


1.00 
0.95 
0.77 


1.00 
0.74 
0.65 


Model1” 


95%Cl 


Referent 
0.89, 3.79 
1.36, 7.08 


Referent 
0.60, 1.16 
0.56, 1.31 


Referent 
0.69,.1.32 
OSL /T. 16 


Referent 
0.50, 1.12 
0.41, 1.04 


Abbreviation: BMI, body mass index;SHR, sub-hazard ratios. 
* Weight (kg)/height (m)2 
° Cox model was performed to investigate the association between BMI and dementia. Model1: Univariate model; Model2: Multi-variate model (adjusted 


P value 


0.098 
0.007 


06294. 
0.48 


0.775 
0.209 


0.155 
0.07 


HR 


1.00 
1.86 
35 


1.00 
0.83 
0.82 


1.00 
0.95 
0.76 


1.00 
0.76 
0.65 


Model2° 


95%Cl 


Referent 
0.88, 3.96 
35, 7.33 


Referent 
0.59, 1.16 
0.53, 1.27 


Referent 
0.68, 1.33 
0.50, 1.14 


Referent 
0.51, 1.15 
0.40, 1.04 


P value 


0.106 
0.008 


0.278 
0.381 


0.76 
0.5 


0.196 
0.071 


SHR 


1.00 
1.91 
2.9 


1.00 
0.86 
0.76 


1.00 
0.98 
0.7 


1.00 
0.79 
0.64 


by sex and education); Model3: Multi-variate model accounting for mortality as a competing risk (adjusted by sex and education). 


Model3°” 


95%Cl 


Referent 
0.88, 4.14 
1.27, 6.60 


Referent 
0.62, 1.21 
0.49, 1.18 


Referent 
0.71, 1.37 
0.47, 1.06 


Referent 
0.53, 1.18 
0.41, 1.02 


P value 


0.099 
0.011 


0.389 
0.225 


0.908 
0.094 


0.256 


0.061 
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Figure legends > 


Figure 1 Hazard ratios of dementia by BMI measured at each examination in Framingham offspring cohort. 
Figure 2 Association between BMI and dementia, allowing for non-linearity. (A 40-49 years, B Nee C 60-69 years, D 70+ years) 


Abbreviation: BMI, body mass index 
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Examination No. (Years) 


2 (1975-1983) 
3 (1984-1987) 
4 (1987-1991) 
5 (1991-1995) 
6 (1995-1998) 
7 (1998-2001) 


8 (2005-2008) 
9 (2011-2014) 


ex 
~ 
ez 


3 


<) 
= 
QD 
s 


“0.80 -0.60 -0.40 -0.20 


Hazard Ratio 


0 


0.20 


RQ 
s 


95% Cl 


aM Sa (0.97, 1.04) 


1.00 (0.97, 1.04) 
1.01 (0.97, 1.04) 
0.99 (0.96, 1.03) 
0.98 (0.94, 1.01) 
0.98 (0.94, 1.01) 
0.96 (0.90, 1.01) 
0.67 (0.51, 0.89) 
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